The dielectric constant s' and dielectric loss s" are measured for pure n-butyl, n-amyl, n-octyl, n-dodecyl alcohols and for concentrated solutions of n-butyl alcohol in four non-polar solvents at three frequencies between 100 and 400 MHz at three temperatures between 20 and 60 °C. The effective dipole moment has been calculated for the concentrated solutions and the results obtained are discussed. The relaxation times of the concentrated solutions of n-butyl alcohol are in general higher than that of pure n-butyl alcohol (contrary to what was found before in case of n-decyl alcohol) but decreases with increasing dilution.
Introduction
Alcohols present an interesting problem in liquid structure due to the possibility of forming associates by hydrogen bonding. Investigations on them have been carried out since 1927 1 . Further measurements 2-9 over a wide frequency region have shown that the anomalous dispersion and absorption is represented by three regions (the long-wave side region is called the main absorption region) overlapping one another. Each of them is represented by one relaxation time and the behaviour in dilute solutions is different from that of pure alcohols 4 .
Experimental
e and e" have been measured at 100, 200 and 400 MHz using the second method of DRUDE 10 . Few measurments have been carried out also at 250 MHz. The apparatus is similar to that used for determining e' and E" of rubber 11 with the one exception that instead of the rubber plate, a small glass condenser filled with the liquid under test is put across the wires. To measure at different temperatures, warm air is blown at this condenser and the temperature of the liquid is measured by a thermocouple. The apparatus has been calibrated using pure n-octyl alcohol. The curves found in literature 12 for e and s" versus log X for n-octyl alcohol at 20 °C are shown in Fig. 1 together with our measured values which lie very well on the curves. The static dielectric constant £s has been measured at 70 kHz by a Schering bridge, the refractive index nD by an Abbe refractometer, the viscosity r\ by a Höppler viscometer and the density Q by a Mohr-balance.
Pure n-butyl, n-amyl, n-octyl and n-dodecyl alcohols were obtained from B.D.H. Poole, England and were carefully dried before use. As non-polar solvents, pure CC14, tetralin, decalin and medical paraffin oil were used.
Results and Discussions

Dipole Moment
The effective dipole moment for the investigated pure alcohols and for the concentrated solutions of n-butanol in non-polar solvents are calculated from es and nD 2 using the Onsager relation 13 (fg -NO 2 ) (2 £S + ND 2 ) _ 4 n N p.0*
£S(7ID 2 +2) 2 9kT
where: N is the number of molecules per C. C., k is Boltzmann's constant, and T is the absolute temperature. The results obtained are drawn in Fig. 2 versus the dipole concentration N at the different temperatures. As shown, ju0 for the small alcohol molecules (around 3 Debye) is temperature independent while that of the larger molecules (n-octyl and n-dodecyl alcohols) decreases regularly with the decrease in N and is temperature dependent. The value of ju0 13 L. ONSAGER, J. Amer. Chem. Soc. 58,1486 Soc. 58, [1936 . 14 S. K. GARG and C. P. SMYTH, J. Phys. Chem. 69, 1294 Chem. 69, [1965 .
(3 Debye) obtained for the small molecules is higher than that found for single molecules (1.70 D) indicating that associates are present, but as the dipole concentration is high (around 60 x 10 20 cm -3 ) the molecules may not be able to change their positions and so ju0 is not temperature dependent. On the other hand, ju0 for n-octyl and n-dodecyl alcohols decreases with increase in temperature indicating that polar associates are decreased. Using the data found in literature 14 for E3 and E00, ju0 is calculated for the normal alcohols between C3 and C10 at 20 °C using Onsager equation and for all investigated molecules it was found that ju0 has the same value for small alcohol molecules between C3 and C6 and then decreases regularly with the dipole concentration, i. e. in agreement with our results. Also, KLAGES 15 found that ju0 for normal alcohols between C10 and C16 depends upon the dipole concentration but he did not examine lower alcohols.
ju0 for the concentrated solutions of n-butanol in non-polar solvents calculated after Onsager equation are in general somehow lower than that of pure alcohols having similar dipole concentration. ju0 decreases with the decrease in N but not in a regular way. It seems that the relation between ju0 and N can be represented by two straight lines at 20 °C and 40 °C and one straight line at 60 °C. It is interesting to find that the extrapolation of the curves at the three temperatures gives the same value of ju0 which amounts to 1.84 Debye.
It could be concluded that for the small alcohol molecules up to hexanol where the concentration of the dipoles is very high, the molecules associate in a manner different to that found in case of the alcohols higher than hexanol.
Dispersion and Absorption
a) Pure alcohols Figure 3 gives the measured values of £' and E" for n-butyl, n-amyl, n-octyl, and n-dodecyl alcohols at three different wavelengths and three temperatures. The values of £ and E" obtained at the three frequencies together with the static dielectric constant are sufficient to define the Debye curve of the main absorption region and to determine the relaxa- • Own results and O data found in literature 12 .
molecule is less distinct at higher temperatures. Some values of r found in literature 12 are added to Figure 4 . They agree very well with our results.
From the temperature dependence of the relaxation time, the activation energy has been calculated after EYRING and KAUZMANN 18 . In the temperature range used (20 -60 °C) logTr is plotted versus 1/T for the mentioned molecules and a straight line is obtained in each case. From the slope of these straight lines, the heat of activation AH and hence the entropy of activation AS have been calculated. The results are given in Table 1 . It is to be noticed that AH and ZlS increase with increasing chain length. AH is represented graphically versus the number of carbon atoms in Figure 5 . Some litera- ture values 12 are added also to our calculated values and it is clear that the increase in AH is slow for molecules having more than 10 carbon atoms.
It is also interesting to study the variation of T with the viscosity r\. From Fig. 6 it is seen that the relation between r and rj is almost linear till octyl alcohol and that at higher temperatures, the decrease in r with decreasing viscosity is not much.
To sum up, r for small and big alcohol molecules are single-valued (i. e. no distribution of relaxation times) and increase with chain length but are much too large to correspond to the orientation of a single molecule and may be expected for associates resulting from the strong hydrogen bonding between the OH-groups. As in previous interpretations 19 , r is attributed to breaking of the hydrogen bonds followed by ROH rotation. The relaxation time is long 18 because of the time required to break the hydrogen bond, dependent upon the length of the chain of the rotating ROH, but uninfluenced by all but the nearest portions of the molecular aggregate and essentially single valued.
b) n-Butanol mixtures with non-polar solvents € and E" have been measured and the data analysed in the same way as before. An example of the analysis is given in Fig. 7 and the results obtained for T are plotted versus N in Figure 8 . It is astonishing to find that the relaxation times increase by the addition of all the solvents and then decrease by continuous dilution. With the exception of 40% butanol mixtures with tetralin and CC14, the results obtained are contrary to what was found by us in case of n-octanol and n-dodecanol 20 and by KLA-GES 12 in case of n-decanol where the relaxation times of all solutions are lower than those for pure alcohols.
As r is solvent dependent, so, its variation with the viscosity is studied. It is noticed that although most of the decalin, tetralin and CC14 mixtures have viscosities lower than that for pure n-butanol, yet r is higher than that for pure butanol and decreases The activation energy AH and activation entropy AS for the investigated mixtures are given in Table 2 . They are lower than that for pure n-butanol and decrease with the decrease in N with the exception of paraffin oil mixtures where they increase with the decrease in N. The behaviour of paraffin oil is different from the other solvents which is an indication that due to the viscous flow another molecular process takes place other than the orientation of the molecule.
